Abstract. There arc at least three different patterns of pretectal organization in teleost fishes: a simple pattern observed in cyprinids, an elaborate pattern present in pcrcomoiphs. and an intermediately complex pattern seen in many other teleost groups. The taxonomic distribution of the pretectal patterns indicates that the simple and the elab orate patterns are both evolutionarily derived (apomorphic) from the primitive (plesiomorphic) intermediately com plex one. In anguillids, the pretectal pattern observed cytoarchitectonically has an anatomical configuration similar to that of the simple pattern in cyprinids. The distribution of acetylcholinesterase positiv ity in the pretectum (namely ace tylcholinesterase positivity in the parvo-and magnocellular superficial and posterior pretectal nuclei, and acetylcholin esterase negativity in the pretectal cell plate and the ovoid preglomerular cell aggregate), as well as the retinal projec tions (namely retinal terminals in the parvocellular superficial and central pretectal nuclei, and absence of such termi nals in the magnocellular superficial and posterior pretectal nuclei and the pretectal cell plate), strongly supports the interpretation suggested by the cytoarchitectonic analysis. As anguillids (elopomorpha) and cyprinids (ostariophysi) are related only distantly, this secondary simplification in the pretectum likely occurred independently, i.e. this simpli fication represents a case of parallel reduction.
Introduction
Recently, it has been argued that at least three patterns of pretectal organization can be discerned among the dif ferent groups of teleost fishes [Wullimann and Meyer. 1990 [Northcutt and Wullimann. 1988; Butler and Saidel. 1991 ].
Neuropil and/or neurons of all nuclei comprising the three pretectal patterns can be characterized in a highly selective manner by acetylcholinesterase (AChE) histo chemistry [Wullimann and Meyer. 1989. 1990 Ito, 1982; Murakami et al.. 1986; Striedtcr and Northcutt. 1986. 1989; Wullimann and Northcutt. 1989 ].
The nuclei involved in these pathways are well developed in these two patterns. However, the homologous nuclei and some of their connections are lost (e.g. nucleus corti calis) or reduced (e.g. posterior pretectal nucleus) in the simple pattern of pretectal organization [Northcutt and Braford, 1984; Striedtcr and Northcutt. 1989; Wullimann and Northcutt. 1989] .
A cytoarchitectonic analysis in the european cel.
Anguilla anguilla, reveals that the nuclear organization of the pretectal area shares many similarities with that in cyprinids. As Anguilla is an elopomorph ( fig. 2 ) and, thus, only distantly related to the ostariophysan cyprinids, these reductions likely occurred independently. How ever, an alternative interpretation seems possible. A large pretectal cell plate of uncertain identity at the base of the optic tectum may represent the "nucleus corticalis'
that is seen in certain teleost species. Furthermore, the large ovoid portion of the preglomerular cell masses in The taxonomic nomenclature is according to Lauder and Liem [1983] , and the anatomical nomenclature follows Braford and Northcutt [ 1983] and Northcutt and Wullimann [1988] .
Materials and Methods
A total of 12 european eels (Anguilla anguilla). 6.5-49 cm body length were used. All animal research described in this study was ap 7.4),containing0.8% sucrose,0.4% glucose, and0.8% NaCI. followed oust rated according to the protocol of Lynch and Killackey [1974] , Pro methazine (Sigma) was used to inhibit nonspecific cholinesterascs.
Replacement of acetylcholine-iodide by S-butyrylthiocholine iodide (both from Sigma) resulted in no staining of the brain tissue at all. A detailed description of histochemical procedures and controls was given in a previous paper [Wullimann and Meyer. 1990 ].
Normal Anatomy.
One specimen was perfused in the same way as specimens used for the HRP experiments. However, 4% paraformealdehyde in 0.05 Μ PB was used as a fixative. The brain was postfixed for six months, then embedded in paraffin and cut transversely at 15 urn.
Sections were mounted on albumin-coated slides, silver-stained with protargol (Roques Chimic. Saint-Ouen, France) according to the Bodian method [Romeis. 1989] and counterstained with cresvl violet.
Results
The normal anatomy of the pretectum in Anguilla will be described first, followed by descriptions of the retinal projections and the AChE distribution.
Normal Anatomy
Most rostral in the superficial pretectum a thin strip of 
AChΕ Histochemistry
The AChE positivity was observed in the neuropil of the parvocellular SPN and the magnocellular SPN (in the latter, neurons were also labeled: arrow in fig.4c ). fig.3c . arrow in fig.5d ). and neu rons and neuropil in the mesencephalic reticular forma tion.
Discussion
We will first provide some background information on pretectal evolution in teleosts, then discuss the retinal projections and the AChE histochemistry in Anguilla. in this context, before offering some conclusions.
Pretectal Evolution
In at least some species of all major teleost groups, the most rostrally located retinorccipient diencephalic target is the parvocellular SPN [see review by Northcutt and Wullimann. 1988 ). In the ancestral condition in teleosts, it comprises a complexly pleated band of neuropil, rimmed by two layers of small cells [Northcutt and Wullimann. 1988 In some studies of visual projections in Carassius, a retinofugal target, innervated via the ventrolateral optic tract, has been identified as "nucleus corticalis' [Springer and Gaffney, 1981; Fraley and Sharma. 1984; Springer and Mednick. 1985b| . However, it was pointed out in the first such report that 'nucleus corticalis... appears to be a caudal extension of area opticus pretectalis ventralis' [Springer and Gaffney. 1981: page 409] . These state ments, as well as the pictorial descriptions of the sus pected 'nucleus corticalis' in Carassius. suggest that this nucleus may correspond to the caudal portion of the dor sal accessory optic nucleus [Northcutt and Wullimann. 1988 ]. The dorsal accessory optic nucleus in Carassius and other teleosts not only consistently receives retinal input via the ventrolateral optic tract, but in addition projects to the corpus cerebclli [Wullimann and Northcutt. 1988] . In contrast, nucleus corticalis of percomorphs receives reti nal input via the dorsomcdial optic tract and. definitely, does not project to the cerebellum [Wullimann and Northcutt. 1988] . This hodological evidence renders it very unlikely that the suspected 'nucleus corticalis' in
Carassius is homologous to nucleus corticalis as recog nized in percomorphs. Our own observations, as well as those in other studies [Braford and Northcutt. 1983: Northcutt and Wullimann. 1988; Wullimann and Meyer. 1990; Butler et al.. 1991] of the cytoarchitecture, retinal projections and AChE distribution in the pretectum of Carassius indicate that nucleus corticalis is absent in this species.
The pretectal condition just described for Carassius has been argued to be secondarily reduced [Northcutt and Wullimann. 1988] and has been referred to as the simple pretectal pattern [Wullimann and Meyer, 1990] .
As outlined in the Introduction, the cytoarchitecture of the pretectum in Anguilla is compatible with either of two hypotheses of its organization and evolutionary his tory. One hypothesis assumes that -as in Carassius jections [see Northcutt and Wullimann. 1988] . AChE his tochemistry [Wullimann and Meyer. 1989, 1990] and infe rior lobe connections [Sakamoto and Ito. 1982; Mura kami el al.. 1986. Striedtcr and Wulli mann and Northcutt. 1989 ] in other teleosts provide the basis for tests of these hypotheses. The results of the pres ent study support the first hypothesis and suggest that the posterior pretectal nucleus is minute and that the pretec tal cell plate observed in Anguilla does not represent nucleus corticalis.
Retinal Projections
Ekström 11982 reported, which we did not find, was likely due to the higher sensitivity of cobalt in tracing fine projections. A small fascicle of the optic tract was also seen to course within the dorsal marginal layer of the nucleus of the torus lateralis for a short distance in our material. As the fas cicle clearly does not form terminals there, and as it even tually rejoins the ventrolateral optic tract, we conclude that the nucleus of the torus lateralis is not a retinofugal target.
In conclusion, the pattern of retinofugal terminal fields in the pretectum of Anguilla reveals that the small and. in cross-section, nonplcatcd parvocellular SPN is retinorecipient. and that both the magnocellular SPN and the pre tectal cell plate are not retinorecipient. This retinofugal pattern clearly supports the hypothesis of a reduced pre tectum.
In the moray cel. Gymnothoraxfunebris. the parvocel lular SPN has even been reported to be entirely absent in a silver degeneration study [Ebbesson, 1968] . Additional studies on retinofugal projections in muraenids using HRP confirm this contention |M.H. Hofmann and D.L.
Meyer, unpubl. observ.]. These findings indicate that, within anguilliforms. muraenids reduced parts of the pre tectum even more than anguillids.
A ChE Histochemistry
The restricted AChE distribution within the dorsolat eral portion of the dorsal accessory optic nucleus in An guilla was not observed in three other teleost species [Wullimann and Meyer. 1990] . However, its identity as the dorsal accessory optic nucleus is considered unques These data render it unlikely that the pretectal cell plate and the ovoid preglomerular nucleus represent a nucleus corticalis and a posterior pretectal nucleus, respectively.
Rather, the AChE distribution clearly supports the hypothesis of a reduced pretectal pattern in Anguilla.
The pretectal cell plate in Anguilla more likely repre sents a unique specialization (autapomorphy) of some anguillids. The huge ovoid portion of the preglomerular cell masses is superficially similar in appearance to the nucleus glomerulosus of percomorphs (or the posterior pretectal nucleus) and has been interpreted as such [Ekström. 1982] . Wc have argued [Northcutt and Wulli mann. 1988; Wullimann and Meyer. 1990 ] that a glomer ular nucleus existsonly in paracanthopterygians and acanthopterygians and that a histologically simpler posterior pretectal nucleus is its homologue in more ancestral teleosts [Wullimann and Meyer. 1990; Wullimann and Northcutt. 1989 
Carassius.

Conclusions
Many characteristics of pretectal organization in
Anguilla resemble the simple pretectal pattern described in Carassius [Wullimann and Meyer. 1990 
Carassius.
(5) Carassius retains only a minute ventral accessory optic nucleus, which has been argued to be ancestrally present in ray-finned fishes [Northcutt and Wullimann. 1988; Wullimann and Northcutt, 1988) . Simi larly, in Anguilla this nucleus can not be observed in either retinal preparations or in normal material. However, we did not look at specimens in the migratory silver-eel stage.
There is evidence that eels in that stage develop a ventral accessory optic nucleus (nucleus opticus accessorius of Medina et al.. 1990 ].
These features comprising the simple pattern of pre tectal organization have so far been described only in some ostariophysan cyprinids [Ekström. 1987; Northcutt and Wullimann. 1988; Wullimann and Meyer. 1990] . in addition to the elopomorph Anguilla in the present study.
In Elops saurus. another elopomorph. a small nucleus corticalis ma) 1 be present [Butler ct al.. 19911 . and a pleated parvocellular SPN [Northcutt and Wullimann. 1988 ] and a posterior pretectal nucleus which is slightly larger compared to the one found in Anguilla. can be observed . The pretectum of Elops.
therefore, exhibits a mixture of features characteristic of the (derived) simple or the (ancestral) intermediately com plex pretectal patterns, and, therefore, appears to be less reduced than that of Anguilla. Moreover, the interme- [Wullimann and Meyer, 1990: Butler ct al.. 19911 and has been argued to be plesiomorphic for teleosts [Wullimann and Meyer, 1990] , This taxonomic distribution of pretectal patterns strongly suggests that anguillids underwent a reduction of homologous nuclei parallel to that in cyprinids.
Unfortunately, the efferent projections of the small posterior pretectal nucleus are not known in either Carassius or in Anguilla. It is therefore unclear whether or not the posterior pretectal nucleus looses its heavy projection to the inferior lobe, together with its morphological reduction, in one or both species. Preliminary results from injections of the fluorescent carbocyanine neuronal tracer Dil into the inferior lobe of Anguilla in our labora tory showed no retrogradely labeled cells in the ovoid preglomerular cell aggregate, although labeled fiber bundles traverse it. This is consistent with our interpretation that this large nucleus is neither the posterior pretectal nucleus nor nucleus glomerulosus as present in other teleosts.
However, we did not positively recognize labeled neurons in the small posterior pretectal nucleus of Anguilla.
An independent reductive process leading to morpho logically similar simplifications of the pretectum in An guilla and Carassias could be due to similar environmental pressures or conditions. The otherwise widely divergent general morphology (including that of the brain) and life habits of these two teleosts suggests that an alternative, non-adaptationist explanation [Northcutt. L988] is more likely: structural or genetic constraints may channel reductive processes in limiting ways, allowing some, but not other, morphological changes.
